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Abstract 
Three in vivo assays were used to measure the immunocompetence of chickens in two generations of a 
selection experiment. The obtained data were used to estimate the variance components for sire and 
dam for antibody production to Pasteurella multocida and Mycoplasma gallisepticum vaccines, for T-
cell–mediated immunity evaluated by a phytohemagglutinin wing web assay, and for clearance of foreign 
particles from the circulatory system. Heritabilities of and genetic correlations among these 
immunological traits were calculated from the sire variance components. Heritability estimates of the 
immunological traits based on the sire component of variance ranged from .06 to .53, and genetic 
correlations among immunological traits were generally negative. 
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ABSTRACT Three in vivo assays were used to measure the immunocompetence of chickens in two 
generations of a selection experiment. The obtained data were used to estimate the variance components for 
sire and dam for antibody production to Pasteurella multocida and Mycoplasma gallisepticum vaccines, for T-
cell-mediated immunity evaluated by a phytohemagglurinin wing web assay, and for clearance of foreign 
particles from the circulatory system. Heritabilities of and genetic correlations among these immunological 
traits were calculated from the sire variance components. Heritability estimates of the immunological traits 
based on the sire component of variance ranged from .06 to .53, and genetic correlations among 
immunological traits were generally negative. 
(Key words: variance components, heritabilities, correlations, chickens, immunocompetence) 
INTRODUCTION 
The immune system can be divided into 
three branches in terms of the mechanisms of 
defensive functions: phagocytosis, humoral 
immune response, and T-cell-mediated immu-
nity. The branches are under relatively inde-
pendent genetic control (Biozzi et al, 1982). 
Genetic variation in the immune system has 
been well established in the chicken. One of 
the model systems used for genetic analysis of 
humoral immune response is the SRBC anti-
body response. The SRBC is a complex, 
nonpathogenic T-cell-dependent antigen. Van 
der Zijpp and Leenstra (1980) measured the 
total, mercaptoethanol (2-ME)-sensitive, and 
2-ME-resistant titers against SRBC at Days 3, 
7, 10, and 13 postinjection in White Leghorn 
chickens and estimated the heritability of the 
measurements to be between 0 and .5 for all 
parameters. In another study of the chicken's 
humoral immune response to SRBC, van der 
Zijpp et al. (1983) found that genetic correla-
tions between total primary antibody titers and 
total secondary antibody titers tend to be 
Journal Paper Number J-14309 of the Iowa Agriculture 
and Home Economics Experiment Station, Ames, IA; 
Projects 2237, 2351. 
nTo whom correspondence should be addressed at: 
Department of Animal Science, 201 Kildee Hall, Iowa State 
University, Ames, IA 50011. 
1991 Poultry Science 70:2023-2027 
negative on Days 5, 7, and 10 after the second 
injection. No significant correlations were 
observed between anti-SRBC antibody re-
sponse on Days 3, 7, and 14 postinjection and 
phytohemagglutinin (PHA) wing web re-
sponse, which is a measurement of cell-
mediated immunity (van der Zijpp, 1983). 
Commercially available vaccines are also 
often used as antigens to study humoral 
immune response in chickens. Gyles et al. 
(1986) immunized six breeding groups of 
chickens with Newcastle disease virus vaccine, 
infectious bronchitis virus vaccine, infectious 
bursal disease virus, Salmonella pullorum 
antigen, and SRBC. They found significant 
differences between breeding groups for anti-
body response to all antigens except infectious 
bursal disease virus. The heritabilities of 
antibody titers to these antigens were estimated 
to be from 0 to .58. 
Most selection experiments for chicken 
immune response have been conducted by 
using antibody response alone (Siegel and 
Gross, 1980; van der Zijpp et al, 1983; 
Pitcovski et al, 1987). To select simulta-
neously for other components of the chicken 
immune system, genetic parameters should be 
estimated. The purpose of the present study 
was to use three in vivo assays to evaluate 
three components of the immune system of the 
chicken and to estimate the additive genetic 
variance of the measured traits. 
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MATERIALS AND METHODS 
Animals 
The estimation of parameters was based on 
data obtained from the first two generations of a 
selection experiment with White Leghorn chick-
ens (Cheng, 1990; Cheng and Lamont, 1990). 
The base population (first generation) consisted 
of 467 Ottawa Strain 7 chicks produced from 20 
sires randomly mated to 71 dams. The second 
generation consisted of 500 progeny of breeders 
selected on their individual phenotypes with the 
restrictions that each sire family was represented 
by at least one male and that sib matings were 
avoided. Forty sires were mated to four dams 
each; each dam family's progeny consisted of 
three to four chicks. Replicate lines were 
selected for either high or low combined 
immune response traits. The measured immuno-
logical traits were antibody response to 
Pasteurella multocida and Mycoplasma galli-
septicum (cc-PM and ot-MG) measured by 
ELISA at 6 to 10 wk of age, T-cell-mediated 
response (WT) measured by the PHA wing web 
assay at 7 to 8 wk of age, and phagocytosis (PI) 
as measured by the carbon clearance assay at 11 
to 13 wk of age (Cheng and Lamont, 1988). All 
birds were used in all three assays. 
Heritability Estimation 
Heritabilities of immunological traits were 
estimated according to both the paternal half-sib 
method and the parent-offspring regression 
method (Falconer, 1981). From variance com-
ponents; Equation [1] was used to evaluate the 
heritabilities of immunological traits of the first 
generation (base population). 
°7 + °d + °e [1] 
Equation [2] was used to calculate the heritabil-
ity of the combined data of the first two 
generations. 
°i + °e [2] 
The variance components were estimated by 
both ANOVA (Gaylor et al., 1970) and maxi-
mum likelihood (ML) (Hemmerle and Hartley, 
1973) methods. The initial estimates of the 
components used in the ML were computed by 
using MTVQUEO (Hartley et al, 1978). 
The model for the first generation was 
Yijk = n + Si + dy + eijk [3] 
where Y was one of the observations (ot-PM, a-
MG, PI, or WT), u. was the population mean, e 
was the random error with the mean 0 and 
variance a^, s represented the random sire effect 
with mean 0 and variance o^, and d represented 
the random dam effect with mean 0 and variance 
The model for the combined data from the 
first and second generations was 
Yijk = |i + Gi + sij + qjk [4] 
where Y, p., s, and e were the same as in [3] and 
where G represented the effect of generation. 
From parent-offspring regression; heritabili-
ties of the immunological traits were also 
estimated by a regression analysis of offspring 
on parents of the same trait. 
hj = 2bi(op) [5-j 
where h? was the heritability of i& trait, and 
bi(op)was m e regression coefficient of the means 
of the offspring on dams or sires of the i* trait. 
The regression coefficients were obtained by the 
General Linear Model procedure of SAS® (SAS 
Institute, 1985). 
Genetic Correlations 
Genetic variance and covariance of immuno-
logical traits measured by in vivo assays were 
calculated for the base population and for the 
combined data sets of the first two generations. 
Genetic correlations of in vivo assays were 
estimated from both variance component and 
parent-offspring regression methods (Falconer, 
1981). 
From variance component; the covariance 
components and genetic correlations between 
immunological traits measured by in vivo assays 
were estimated by [6] and [7]. The sire 
covariance components were used in the calcula-
tion. 
Covariance component of two traits, such as 
x and y, were estimated as: 
_ 4+y) -<£-<$ 
a*y " 2 ' [6] 
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where the o"„ and est were the variance 
components of the traits x and y, respectively, 
0"xy was the covariance component of the two 
traits, and C7X+•. was the variance component of 
the sum of the two traits. 
The genetic correlation of the two traits was 
then calculated as follows: 
h = 
*y 
Ox X Ov [7] 
The models used to estimate the covariance 
components were the same as those used to 
estimate heritabilities. From parent-offspring 
regression; genetic correlation between two 
traits can also be estimated as 
rg - 2Vx)-o(y) [8] 
where rg was the genetic correlation between x 
and y, and bp(X).0(y) was the regression coeffi-
cient of means of y of the offspring on x of 
parents. 
RESULTS AND DISCUSSION 
Heritability 
Heritabilities of the immunological traits 
were estimated by the variance component 
method. The sire and dam variance components 
of the base population were obtained by 
ANOVA and ML with Model [3] (Table 1). The 
estimates of variance components and heritabili-
ties of the combined data of the first two 
generations are also shown in Table 1. Immuno-
logical trait heritabilities were also estimated 
from parent-offspring regressions by [5]. They 
are shown in Table 2. 
Siegel and Gross (1980) estimated the 
realized heritabilities for antibody response to 
SRBC to be from .17 to .44 and those for 
persistence of anti-SRBC response to be from 0 
to .22. Gyles et al. (1986) estimated heritabili-
ties, which ranged from 0 to .58, of antibody 
responses to four vaccine antigens and SRBC by 
the variance component method and by parent-
offspring regression. The heritability estimates 
of a-PM and a-MG responses in the present 
experiment ranged from .12 to .53 based on the 
sire component of variance (Table 1) and-.08 to 
TABLE 1. Variance component and heritability estimates of the immunological traits of the base population 


























































































a-PM = antibody response to Pasteurella multocida; a-MG = antibody response to Mycoplasma gallisepticum; PI = 
phagocytic index; WI = wing web index. 
Heritabilities were calculated from sire components. 
ML = maximum likelihood. 
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TABLE 2. Heritabilities of immunological traits 

















1a-PM = antibody response to Pastewella multocida; a-
MG = antibody response to Mycoplasma gallisepticum; PI = 
phagocytic index; WI = wing web index. 
^Estimated from dam-offspring regressions. 
stimated from sire-offspring regressions. 
.16 based on parent-offspring regressions (Table 
2). The estimates based on the sire component of 
variance demonstrate that heritability of hu-
moral immune response in chickens is low to 
moderate in value, and that there is adequate 
additive genetic variation present in die humoral 
immune response to be utilized in selection 
experiments. The expected progress of selection 
for humoral immune response will be low to 
moderate. 
Heritabilities of WI and PI were also 
generally low to moderate with estimates from 
parent-offspring regressions not consistent with 
those obtained from variance components (Ta-
bles 1 and 2). This variation may have been due 
to sampling or to poor repeatability of some 
assays (e.g., ELISA) between generations 
(times) due to environmental sensitivity. Al-
though the assays were chosen primarily to 
assess the activity of one component of the 
immune system each, as in vivo assays diey 
represent single endpoint measurements of 
complex biological processes involving many 
cellular interactions and soluble mediators. 
Genetic Correlations 
Genetic covariances and corresponding cor-
relations were obtained from the combined data 
of the first two generations (Table 3). Genetic 
correlations calculated from parent-offspring 
regressions are presented in Table 4. 
Genetic correlations estimated from covari-
ance components were generally negative and 
some of them were out of the range of the 
parameters (Table 3). However, estimates were 
reasonably consistent between different 
methods used witii each data set. Genetic 
correlations estimated from parent-offspring 
regressions (Table 4) were generally low com-
pared with those estimated from covariance 
component methods and were insignificant 
except for the genetic correlation between WI 
and PI, which was -.86 (P<.01). This finding is 
TABLE 3. Estimates of genetic covariances and correlations between immunological traits 






a-PM and PI 
a-MG and PI 
PI and WI 
a-PM and a-MG 
a-PM and WI 
a-MG and WI 
a-PM and PI 
a-MG and PI 
PI and WI 
a-PM and a-MG 
a-PM and WI 











































^ P M = antibody response to Pastewella multocida; a-MG = antibody response to Mycoplasma gallisepticum; PI = 
phagocytic index; WI = wing web index. 
2Sire components were estimates of the sum of the two traits involved. 
3Covariance components were calculated from the sire components. 
4ML = maximum likelihood. 
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TABLE 4. Genetic correlations between 
immunological traits estimated from 
parent-offspring regressions 
Trait1 
PI and WI 
a-PM and WI 
a-MG and WI 
WI and PI 
a-PM and PI 
a-MG and PI 
PI and a-PM 
WI and a-PM 
a-MG and a-PM 
PI and a-MG 
WI and a-MG 





























1The first is the parent trait and the second is the 
offspring trait. PI = phagocytic index; WI=wing web index; 
a-PM = antibody response to Pasteurella multocida; a-MG 
= antibody response to Mycoplasma gallisepticum. 
2D-0 = regression coefficient of means of offspring on 
dam. 
S-O = regression coefficient of means of offspring on 
**P<01. 
in accordance with the observation of another 
study in which a significant negative correlation 
was found between WI and PI in the Iowa State 
University SI line (Cheng and Lamont, 1988). 
This negative correlation may make selection 
for general immunocompetence even more 
difficult and necessitates inclusion of measures 
of both traits in a selection index for the best 
selection procedure. 
In summary, the present study provided 
estimates of the genetic parameters of some 
immunological traits of the chicken. These 
estimates aid understanding of the genetics of 
the chicken immune system and the relation-
ships among the immune system's different 
components. Elucidation of the genetics of the 
immune system, and the associations of immune 
response traits with resistance to stressors and 
disease challenges will be necessary to effec-
tively select for immunocompetence and innate 
disease resistance in chickens. 
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